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Abstract: Three possible structures of the favorable growth unit Als( OH) 1s( H20) 6 of gibbsite are calculated by ab
initio at STO-3G, ST0-3G", STO-6G, STO0-6G" , 321G, 631G levels and DFT at RB3LYP/3-21G, B3LYP/6
31G levels. The most excellent structure of Als(OH) 1s( H20)6( structure [ A]) is confirmed. Based on these calcu-

lation results and considering efficiency factor, ab initio at STO-3G level is selected to optimize the structure [ A].

The calculation results are compared with the experimental structure parameters of correlative systems. The total

energy, orbital population and atomic charge of structure [ A] are calculated using Dipole & Sphere solvent model at

631G, B3LYP/ 631G, 631G", B3LYP/631G™ , 631G™

Als(OH)1s(H20) 6 is analyzed.
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levels. The bonding orientation of
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1 INTRODUCTION

The crystal growth characteristics of gibbsite
in supersaturated sodium aluminate solution were
extensively investigated' ™, but the structure and
form of the growth unit were not related. Firstly,
Vanstraten et al'® indicated that the growth unit
transition state of aluminate acid radical existed in
the crystallization of gibbsite from alkaline sodium
aluminate solution. Parkinson et al'” figured out
that Al(OH)%, Al(OH)5 and AI(OH)s would
be likely to become growth units of gibbsite from
the view point of crystal surface binding energy
and it was the key problem to detect the decompo-
sition mechanism of supersaturated sodium alumi-
nate solution. A series of research results about
growth units of gibbsite were reported® ' and at
the same time they brought forward and proved
that the growth units of gibbsite were AI(OH)¢
and Al(OH)§ polymer, and Als(OH)1s5(H20)s6
with hexagon face shape was the favorable growth
unit. In this paper, based on investigation results
by LI et al, the structure and bonding orientation
of the favorable growth unit Als(OH)1s(H20)6 of
gibbsite are studied using ab intio and DFT meth-
ods by Gaussian98 on C2 workstation. This study
may establish the foundation for discussing on the
chemical bond force characteristics of gibbsite com-
bination process.

2 CALCULATION METHODS

Based on abinitio Self Consistent Field molec
ular orbital theory, the total energy, dipole mo-
ment, orbital population and atomic charge are cal-
culated at 631G, B3LYP/631G, 631G ,
B3LYP/631G", 631G" , B3LYP/631G™ levels
with Dipole & Sphere solvent model. Density
Function Theory method adopts B3LYP Becke
model with three parameters'™ '®: an exchange
functional'”" that consists of 20% Hartree Fock
Exchange, 8% Slater Exchange and 72% Becke 88
Exchange; and a correlation functional'™® that con-
sists of 19% VWN# 5 Correlation and 81% LYP
Correlation. This unusual combination is empiri-
cally determined by comparing with the results of
very accurate calculations. All calculations are per-
formed at C2 workstation in Central South Univer-
sity by Gaussian98 program.

The geometry optimization is implemented in
several different levels:

1) Based on the Molecular Mechanics Force
Field, the geometry optimization is implemented
rudely by MM+ method. The MM+ force field is
an extension of MM 2 developed by Allinger and co-

1920 and is designed primarily for small

workers
organic molecules although it is expanded to pep-

tides'”"" and other systems as well ™. In this pa

per, MM+ force field uses the latest MM 2 ( 1991)
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parameters and atom types with the functional

(231 modified to incorporate nonbonded cut-

form
offs(using switched or shifted smoothing), period-
ic boundary conditions, and the bond stretch term
switched from cubic form to quadratic form in long
range( to avoid the long range repulsive region of
standard MM 2) .

2) Using ab initio Self Consistent Field meth-
od, the geometry optimization is implemented with

ST O-3G basis set.

3 STRUCTURE AND GEOMETRY OPTIMIZA-
TION OF Als(OH) 1s(H20) 6

3.1 Structure of Als(OH)s(H20)6

Field, the geometry optimization is implemented
rudely by MM+ method. Fig. I shows three possi-
ble optimized models of Als(OH)1s(H20)s. The
structures [ A], [B] and [ C] have H20 —A1 bond,
H—O—-H ... H—0—Al hydrogen bond, and
H>.0 —H —O —Al bond respectively. Three possi
ble structures are calculated by ab initio at
STO0-3G, STO-3G", STO-6G, STO-6G" , 3-21G,
631G levels and DFT at RB3LYP/321G,
B3LYP/ 631G levels. The calculation results of
total energy and dipole moment are listed in T able
L

T he effect of the basis set selection on calcula-
tion of total energy by ab initio is obvious and the
results of total energy would be improved when

Based on the Molecular Mechanics Force using diffuse functions. The numerical relation of
H-O-H- ho H-O-H H-O-H "
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Fig. 1 Optimized structure models of Al¢(OH) 1s(H20)s by MM+ method based on

Molecular M echanics Force Field

Table 1 Total energy and dipole moment of three possible structures of Ale(OH) 1s(H20)6

Als(OH) 135(H20)6 [ A]

Als(OH) 183(H20) 6 B]

Als(OH) 15(H20)6-[ C]

Level

Total energy/ Total dipole

Total energy/

Total dipole Total energy/ Total dipole

(kJ*mol™') moment/ Debye (kJ* mol ') moment/Debye (kJ* mol ') moment/Debye

RHF/STO-3G - 8472938.29 13.24 — 8469 896. 95 4.06 — 8469 076. 30 8. 34
RHF/STO-3G" - 8475988.52 13.07 _ 8472619.03 4.21 — 8473208. 87 9. 40
RHF/STO-6G - 8548910. 88 13.35 — 8545 863.79 4.14 — 8546351.57 9. 44
RHF/STO-6G° - 8551988.32 13.18 _ 8548 433. 56 4.29 — 8549218. 62 9.43

RHF/ 321G — 8537 194.73 14. 02 — 8534375. 16 5.40 — 853491774 11.94
RHF/3-21G/ _ 8537225.92 15.22 — 8534379.89 5.96 — 8534984.63 12.88
SCRF= Dipole
RB3LYP/321G - 8568 962. 81 12.41 — 8566582, 42 4.15 — 8567 087. 98 11.26
RB3LYP/ 321G/ _ g 568 990. 06 13.97 — 8566 585. 26 4.75 — 8567 105.91 12. 66
SCRF= Dipole

RHF/631G — 8580921, 82 14.19 — 8578318. 14 5.51 — 8578917.97 12.00
RHE/ 6316/ _ 8580954.01 15. 52 _ §578323.53 6.20 _ 8578 945.96 13.56
SCRF= Dipole
RB3LYP/631G - 8613 640.21 12. 69 — 8611515.53 4.38 — 861199263 11.28
RBILYP/ 631G/ _ 4613 666.35 14. 26 — 8611519.08 5.14 — 8612011.97 12.85

SCRF= Dipole
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total energy is Eesic) < Esrosc’) < Estoss <

E 26 < Esrosc )y < Eisrosy. With the same basis
set, the DFT method adopting B3LYP model is
better than ab initio. The numerical relation of
total energy 1s E(B3LYP/3—21()) < E(3—21(2) R E(B3LYP/6-31()) <

E(6316). Considering solvent effect and using Dipole
& Sphere solvent model, the calculating results of
total energy are all better than those on the condi
tion of vacuum with the same basis set by DFT and
ab initio methods. The numerical relation of total
Esryr 3210,

energy is E (B3LYP 3216/ 5CRF= Dipole) <

E (3216/5cRF= pipole) < E(3216), E(B31YP/6316/SCRF= Dipole) <
E wiyeresic), E(e316/5crF= pipole) < E(6310) .

The numerical relation of dipole moments(p)
of three possible structures of Als(OH)1s(H20)¢
is pra1> pra> pre and the trend of change is con-
sistent( see Table 1). Not only the chemical bond-
ing but also the various Van der Waals forces exist
on the precipitation of gibbsite in supersaturated
Als(OH) 1s(H20)56
belongs to C1 group which is a typical polarity
molecular without axis and side of symmetry. The

sodium aluminate solution.

orientation, inducement, and dispersion energy are
directly proportional to quartic of dipole moment,
square of polarization rate and dipole moment,
square of polarization rate respectively. The polari-
zation rate is directly proportional to cube of aver-
age molecular radius'*”. Fig. 2 shows the calcula-
tion results of average molecular radius. The cal-
culation result of radius is 0.5 Alarger than the ac
tual computed value. The radii of three possible
structures of Als(OH)1s(H20)6 are nearly be
tween 5.06 Aand 5. 83 Aas a result of the minimal
difference of polarization rate. In a word, if the dir
pole moment becomes higher and higher, the Van
der Waals forces would be larger and larger, and
this would be advantageous to combination of the
growth units of gibbsite. In addition, Fig. 3 shows
the calculation results of electronic spatial extent
(S). It can be seen from Fig. 3 that the numerical
relation is S;a) < S;¢ < Sip, which means that the
framework of structure [ A] is more compact than
the others.

In sum of the calculation results and consider-
ing reliability of calculation method, the better
structure is Als(OH) 1s(H20)6[ A].

3.2 Geometry optimization of structure [ A]

Based on these calculation results and consid-
ering efficiency factor, abinitio method at ST O-3G
level is selected to optimize the structure [ A]. The
calculation results are compared with experiment
structure parameters of correlation systems.

Experiment results of A1—0O band length of
sodium aluminate solution with various concentra-

tions by solution X-ray diffractometry''¥ are listed

in Table 2. The band length of A1—0O band in

7.0
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Fig. 2 Molecular radius of three possible
structures of Als(OH)1s(H20)s

= — Structure [A]
e — Structure [B]
4 — Structure [C]

20000

18 000

16000 -

Electronic spatial extent/A

T
3
J
J

14 000

RB3LYP/
6-31G

RB3LYP/ RHF/
3-21G 6-31G

Calculation method

RHF/
3-21G

Fig. 3 Electronic spatial extent of three
possible structures of Als(OH)1s(H20)56

crystal Ko[ ALO(OH)s], Naz[ AI(OH)4] Cl and
NapAlsOw are 1.7371.78 A 1.756 Aand 1. 80
Arespectively'” . A1—0 band length of structure
[A] calculated by ab initio at RHF/STO-3G level
and MM + method based on the Molecular Me-
chanics Force Field are also listed in Table 3. It
can be seen obviously from Table 3 that the band
length of Al1—O band calculated by ab initio at
RHF/STO-3G level is more approachable with the
experiment structure parameter than by MM+ .
That is to say that the results calculated at higher
basis set would be rational. Fig. 4 shows the calcu-
lation model of the structure [ A] optimized by ab
inittio at RHF/ST O-3G level.

4 CALCULATION RESULTS AND DISCUSSION

4.1 Total energy

Fig. 5 shows the total energy of the structure
[A] calculated at 6-31G, B3LYP/ 631G, 631G,
B3LYP/6-31G", 631G™ , B3LYP/ 631G~ levels
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Table 2 Experiment results of Al —O band length of sodium aluminate solution with

various concentrations by solution X-ray diffractometry'"

14]

Parameter A(4.1) B(4.2) C(3.9) D(3.6) E(3.5)
exaot/ (mol = L™1) 2.426 3.639 4.852 5.822 7.278
eaony/ (mol = L™ 1) 1.700 2.550 3.400 4.080 4.100
Band length/ A 1.81 1.84 1.88 1.80 1.75

It is coordination number( nai—o0) in bracket

Table 3 Calculation results of A1 —0 band leneth of structure [ A]

Bond length/ A Bond length/ A Bond length/ A
Band MM+ ST0-3G Band MM+ ST0-3G Band MM+ ST0-3G
method method method method method method
ALy —0»  1.85376 1.723 49 Alis —015  1.85266 1.77474 Als —0»  1.85439 1.746 80
Alis —0x  1.85247 1.798 99 Alis —01  1.85370 1.796 20 Als —0»  1.85300 1.774 50
Al; —0x  1.85163 1.720 42 Als —02  1.85270 1.824 83 Als —01s  1.854 63 1.788 60
Aby —0x 1.85177 1.71578 Aly —015  1.85387 1.912 06 Aly —0 1.854 10 1.814 49
Als —0»5  1.85123 1.780 87 Aly —0x  1.85328 1.82261 Al —0o 1.853 63 1.815 14
Al; —0x%  1.85252 1.788 38 Als —0w  1.85315 1.816 90 AL, =015 1.85250 1.790 66
Ali —01;  1.85286 1.83703 Aly —01  1.853 66 1.827 10 Al =01 1.85310 1.777 80
Ali —Ou  1.85614 1.816 49 Alp —0x  1.85391 1.83022 AL, —01  1.85210 1.769 30
Alis =0 1.85260 1.797 60 Alo —02  1.85390 1.85597 Ali —0n  1.85404 1.847 67
Alis —01  1.85483 1. 780 90 Aly —02»  1.85160 1.853 66 ALy —0n  1.85310 1.838 18
-8 580000
~ —8585000 |
|
g -8590000
=
¥ -8595000 -
£
g ~8600000 r | _ pyp/6.31G
s 2 — RHF/6-31G*
5 78605000 3 RHF/6-31G™
e | 4— RB3LYP/6-31G
8610000 5 — RB3LYP/6-31G".
~8615000 | 6 — RB3LYP/6-31G

1 2 3 4
Calculation method

Fig. 4 Calculation model of
Als(OH) 1s(H20)6[ A]

using Dipole & Sphere solvent model. When calcu-
lating total energy, DFT is better than ab intio.

When the same basis sets is adopted, it would be
improved slightly using diffusing functions. In

Fig. 5 Calculated total energy of structure [ A]
by ab initio and DFT

other words, on the view point of energy for
Als(OH) 15(H20)6, DFT at B3LYP/ 631G level

may be a better choice.

4.2 Atomic charge
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The calculated results of atomic charge are lis-
ted in Table 4. When using diffusing functions,
the effects on the atomic charge are so observable,
and these effects are larger for Al, oxygen atoms
in terminal and bridge OH groups than hydrogen
and oxygen atoms in six H»0. Adopting B3LYP
three parameters model, the absolute value of neg-
ative charge and positive charge become smaller
than using ab initio at same basis set level. In
Als(OH)15s(H20)6 (see Fig. 4), the hydrogen at-
oms of No.31 to No. 41, No.43 to No. 54, No. 55
to No. 60 are located at six H»0, bridge OH
groups, terminal OH groups respectively. It can
be seen from Table 4 that the average value of
atomic charge of the bridge hydrogen is larger than
that of terminal hydrogen. Therefore from the
view point of bonding possibility among molecules,
bridge hydrogen would be advantageous to bonding
than terminal hydrogen, and in other word, the fa-
vorable bonding orientation is located at the ob-

verse side( see Fig. 6).

At the same time it can be seen that atomic
charge of hydrogen in H20 is larger and more ho-
mologous than that of the other two kinds of hy-
drogen. This shows that existence of six H.0O is
favorable to the system' s stability and this result is
consistent with what considered by LI'' that ex-
istence of the terminal bonding H20 is precondition
of steady presence of growth units in sodium alu-
minate solution.

4.3 Analysis of orbital population

2 s orbital populations, the highest occupation
s orbits of oxygen in terminal and bridge OH
groups, are listed in Table 5. No.9 to No. 24 and
No.25 to No. 30 are oxygen atoms in bridge and
terminal OH groups respectively. 2s orbital popu-
lation of terminal oxygen is larger than bridge oxy-
gen(see Table5).

est occupation s orbits of hydrogen in terminal and

1s orbital populations, the high-

Table 4 Calculation results of atomic charge

Calculation method

NG Ao RHF RHF RHF RB3LYP RB3LYP RB3LYP
/631G /631G /631G /631G /631G /631G
1 0 - 0.894527 - 0.748615 - 0.707816 - 0.722010 - 0.541732 - 0.465056
2 0 - 0.860629 - 0.700383 - 0.712091 - 0.691925 - 0.460973 - 0.437389
3 0 - 0.861015 - 0.755843 - 0.717600 - 0.695376 - 0.523892 - 0.450715
4 0 - 0.894018 - 0.676285 - 0.657890 - 0.718192 - 0.445902 - 0.405783
5 0 - 0.864650 - 0.645741 - 0.611928 - 0.701523 - 0.393730 - 0.336774
6 0 - 0.892987 - 0.752992 - 0.731188 - 0.728494 - 0.514430 - 0.478 399
7 Al 1. 658 486 0.243 705 0.208 110 1.076 885 - 0.947048 - 0.959 741
8 Al 1. 629 403 - 0.040715 - 0.126 749 1.016 925 - 1.209624 - 1.306 045
9 0 - 1.095848 - 0.677793 - 0.633352 - 0.865779 - 0.257088 - 0.150693
10 0 - 1.103234 - 0.852876 - 0.777401 - 0.878542 - 0.424739 - 0.326165
11 Al 1. 691 236 - 0.231880 - 0.317 166 1.115 828 - 1.426638 - 1.625909
12 0 - 1.078647 - 0.770588 - 0.668435 - 0.863190 - 0.318259 - 0.184 845
13 0 - 1.049100 - 0.479941 - 0.472343 - 0.822617 - 0.087820 - 0.011122
14 0 - 1.084605 - 0.853620 - 0.747156 - 0.860202 - 0.455782 - 0.314235
15 Al 1.617 764 - 0.154954 - 0.413 708 0.992 254 - 1.272897 - 1.612651
16 0 - 1.121937 - 0.867517 - 0.771685 - 0.894631 - 0.399810 - 0.282619
17 0 - 1.101811 - 0.377435 - 0.311013 - 0.874205 0. 035 254 0.144 935
18 0 - 1.037599 - 0.460053 - 0.362814 - 0.813623 - 0.052240 0. 087 658
19 0 - 1.150341 - 0.680940 - 0.581561 - 0.913640 - 0.147026 - 0.038 405
20 Al 1.741 537 0.072 648 - 0.027 449 1.160 603 - 1.221692 - 1.373685
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Continue
Calculation method
No.  Atam RHF RHF RHF RB3LYP RB3LYP RB3LYP
/631G /6-31G” /631G /631G /631G /631G
21 0 ~1.104198 - 0.793708 - 0.633487 - 0.881560 - 0.292273 - 0.097 586
22 0 - 1.085842 - 0.470826 - 0.352687 - 0.861902 - 0.077856  0.084 098
93 Al 1.610329 - 0.079551 - 0.313995  0.985482 - 1.411905 - 1.697 154
24 0 - 1.085198 - 0.671174 - 0.543595 - 0.861637 - 0.227001 - 0.021 676
25 0 ~1.006590 - 0.744912 - 0.600338 - 0.800241 - 0.490752 - 0.321 742
26 0 ~0.960781 - 0.569029 - 0.497751  0.764 039 0.307172 - 0.213 605
27 0 ~0.951709 - 0.624342 - 0.556467 - 0.755129 - 0.347971 - 0.257 444
28 0 - 1.001348 - 0.672083 - 0.586303 - 0.794675 - 0.431105 - 0.309 263
29 0 ~1.010011 - 0.719630 - 0.639452 - 0.802785 - 0.462181 - 0.353004
30 0 ~0.995630 - 0.708571 - 0.606843 - 0.792929 - 0.443792 - 0.291 469
31 H 0.537 720 0. 641 338 0.566 784 0.480 461 0. 598 733 0.512 492
32 H 0. 508 835 0. 590 848 0.599 268 0.460 673 0.553 414 0.552 689
33 H 0. 494 601 0. 580 462 0.569 822 0.450 226 0. 545 829 0. 522 487
34 H 0. 538 940 0. 622 789 0.542316 0.488 085 0.577 932 0.481 545
35 H 0.519 296 0. 609 259 0.581 020 0.468 383 0.565 193 0.526 365
36 H 0.501 479 0. 586 951 0.587 209 0.453 643 0. 550 562 0. 544 742
37 H 0. 546 990 0. 632 268 0.618 332 0.496 775 0. 589 006 0. 578 547
38 H 0.515 383 0. 580 864 0.551 839 0.466 156 0. 540 358 0.504 241
39 H 0.531 985 0.610 349 0.556 644 0.481 435 0.566 277 0. 508 562
40 H 0. 493 503 0.571 543 0.562 838 0.435519 0. 520 882 0.497 093
41 H 0.513 325 0. 599 592 0.547 834 0.463 420 0. 560 228 0.510572
42 H 0. 541 559 0.611 968 0.580 150 0.491 798 0.568 733 0.542 135
Average 0.520 3 0. 603 2 0.5720 0.469 7 0.5614 0.5235
43 H 0. 502 628 0. 589 996 0. 598 300 0.459 068 0. 567 645 0.515 450
44 H 0.455 786 0. 539 776 0.465 534 0.410732 0.525 504 0.381417
45 H 0.416 482 0. 467 638 0.365 527 0.369 231 0.441 977 0.273 987
46 H 0.479 675 0. 554 436 0.568 027 0.446 008 0.534 654 0.499 841
47 H 0. 464 248 0.619 502 0.564 989 0.411 142 0. 605 365 0.528 075
48 H 0.449 551 0. 509 646 0.511 999 0.389 131 0.476 382 0.479 851
49 H 0.497 625 0. 547 650 0. 600 027 0.458 795 0.519 501 0.556 653
50 H 0. 466 400 0. 538 826 0.523 983 0.436 427 0.520 871 0.479 261
51 H 0.541 725 0.616 573 0.555 458 0.493 340 0. 589 528 0.484 111
52 H 0.453 076 0.467 422 0.462516 0. 405 069 0.438 631 0. 434 560
53 H 0.491 402 0. 548 478 0.499 784 0.454 625 0. 527 098 0.463 749
54 H 0. 440 643 0. 522 956 0.614 960 0.399 734 0. 505 798 0. 545 720
Average 0.4716 0.570 9 0.5276 0.427 8 0.5211 0.4702
55 H 0. 426 889 0. 469 902 0. 366 809 0.390 382 0. 449 208 0.342 348
56 H 0.381 678 0.413 433 0.307 263 0.355276 0. 394 986 0.276 944
57 H 0.373 959 0.410 673 0.354 629 0.347 332 0.392 393 0.342 166
58 H 0.413 506 0. 458 070 0.403 538 0.377 831 0.433 386 0.362 942
59 H 0.429 754 0. 484 376 0.432 484 0.389 152 0.453 028 0.384 761
60 H 0.414 857 0. 468 060 0.412269 0.381 020 0.444 977 0.373 177
Average 0. 406 8 0.450 7 0.379 4 0.3735 0.428 0 0.347 1




Vol 15 Ne3 Structure and bonding orientation of favorable growth unit Als(OH)1s(H20)s - 677 «

Obverse

1
90°

%g@

Obverse

Fig. 6 Sketch map of bonding orientation

Table 5 2 s orbital population of some oxygen atoms

Calculation method

NG, shiom RHF/ RHF/ RHF/ RB3LYP/ RB3LYP/ RB3LY P/
631G 631G 631G~ 631G 631G 631G~

9 o 0. 854 88 0. 843 58 0.842 40 0.871 80 0.862 94 0. 861 87

10 o 0. 858 08 0. 846 01 0. 845 22 0.87529 0.865 49 0. 864 78

12 o 0. 859 86 0. 850 67 0. 849 94 0. 876 85 0.870 20 0.869 59

13 o 0. 862 99 0. 849 42 0.848 10 0.880 18 0.868 63 0.867 42

14 o 0. 862 96 0.851 56 0.850 16 0. 88044 0.87118 0.869 93

16 (0] 0.852 41 0.843 90 0. 842 98 0. 869 83 0.863 35 0.862 50

17 (0] 0.856 52 0.843 27 0. 842 41 0.873 49 0.862 47 0.86171

18 o 0.865 13 0. 852 58 0.851 32 0.88258 0.872 04 0.87091

19 o 0. 848 67 0. 835 80 0. 835 36 0. 865 68 0.855 15 0. 854 80

21 (0] 0.85593 0. 846 44 0. 84552 0.87290 0.86599 0. 865 20

22 (0] 0.860 11 0. 847 46 0. 845 96 0.877 12 0.866 45 0. 865 05

24 (0) 0.864 13 0.851 59 0. 849 37 0.881 36 0.87125 0.869 15

Average 0.858 47 0. 846 86 0. 845 65 0.875 63 0.866 26 0. 865 24

25 o 0.869 79 0.861 39 0. 860 48 0. 887 96 0.881 28 0. 88043

26 o 0.877 19 0. 867 87 0. 867 62 0. 894 80 0.887 62 0.887 42

27 o 0.878 39 0. 868 87 0. 868 64 0. 89594 0.888 61 0. 888 44

28 o 0.867 21 0. 858 88 0. 858 28 0.884 43 0.878 50 0.878 00

29 o 0. 866 79 0.858 11 0. 857 45 0. 883 86 0.87770 0.877 13

30 o 0.871 38 0.861 79 0.861 14 0. 889 04 0.881 74 0.881 21

Average 0.87179 0. 862 82 0. 862 27 0. 889 34 0.882 58 0.88211
bridge OH groups, are listed in Table 6. 1s orbital point of intermolecular bonding orientation,
population of terminal hydrogen is larger than bridge OH group is easier to bond and the favora-
bridge hydrogen( see T able 6). The population a- ble bonding orientation is located at the obverse
nalysis is hereby given that terminal OH group is side( see Fig. 6). The conclusion is consistent with

steadier than bridge OH group. From the view the analysis result in 4. 2.
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Table 6 1 s orbital population of some hydrogen atoms
Calculation method
No.— Atom RHF/ RHF/ RHF/ RB3LYP/ RB3LYP/ RB3LYP/
631G 631G 631G 631G 631G 631G

43 H 0.482 21 0. 489 50 0.489 21 0.499 67 0.506 81 0.506 72
44 H 0.498 11 0. 503 86 0. 504 47 0.51501 0.52174 0.522 57
45 H 0.52522 0.52572 0.525 55 0.536 80 0.538 87 0.53897
46 H 0.502 49 0.504 78 0.504 78 0.51692 0.51949 0.519 64
47 H 0.501 65 0. 506 03 0. 505 97 0.516 10 0.521 59 0.521 85
48 H 0.510 13 0.51324 0.512 99 0.524 03 0.528 09 0.52799
49 H 0.486 23 0. 490 82 0.491 55 0.503 02 0.507 98 0.508 83
50 H 0.508 94 0.51091 0.511 27 0.522 47 0.52527 0.52575
51 H 0. 459 36 0. 469 38 0. 470 45 0.479 86 0.490 98 0.492 16
52 H 0.517 32 0.518 39 0.518 33 0.529 47 0.53248 0.532 58
53 H 0. 495 20 0. 498 98 0. 499 03 0.51079 0.514 69 0.514 90
54 H 0.507 37 0.510 40 0.509 61 0.521 58 0.524 80 0.524 18
Average 0.499 52 0.503 50 0. 503 60 0.514 64 0.51940 0.519 68
55 H 0. 508 05 0. 509 86 0.509 33 0.52176 0.52345 0.52307
56 H 0.526 84 0.52524 0.524 53 0.537 63 0.53661 0.536 07
57 H 0.530 30 0.529 30 0.528 79 0. 540 37 0.540 15 0.53990
58 H 0.503 61 0.507 13 0.507 31 0.517 39 0.52148 0.52176
59 H 0. 499 77 0.504 29 0.504 59 0.514 29 0.519 55 0.520 06
60 H 0. 508 50 0.512 26 0.51185 0.521 32 0.52527 0.52515
Average 0.512 85 0.514 68 0.514 40 0.525 46 0.52775 0.527 67

S CONCLUSIONS

1) Geometry optimization on Als(OH) s~
(H20)¢6 is performed at RHF/ST O-3G level and
the calculation structure parameters are relatively
approachable with the experimental values.

2) Total energy of Als(OH)1s(H20)¢ is calcu-
lated at 6-31G, B3LYP/6-31G, 6-31G", B3LYP/
631G", 631G", B3LYP/631G" levels using
Dipole & Sphere solvent model. From the view
point of energy, DFT method is better than ab ini-
tio and the effect of using diffuse functions on en-
ergy calculation is not obvious.

3) Atomic charge and orbital population are
calculated using Dipole & Sphere solvent model.
All calculation results indicate that bridge OH
group is easier to bond, and the favorable bonding
orientation is located at the bridge OH group ori
entation.
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